Abstract
Introduction
Hydrologist are often faced with the challenge of predicting the peak discharge, time to peak and magnitude of rainfall generated runoffs for watersheds for the purposes of appropriate design and management of flood control and ecological issues. The deterministic characteristics of the dynamics of the hydrological cycle are fairly well understood. The magnitude and time variation of rainfall has proved more difficult to predict mainly as a result of the inherent stochastic nature of such events.
Extreme rainfall events are difficult to predict. Associated runoffs from these events are thus expected to be as difficult to predict. Similarly, the prediction of floods is not an easy exercise as factors that cause floods can be due to natural or man-made activities. In the design and application of rainfall-runoff phenomena, model inputs should accurately represent environmental properties. Most inputs for environmental models involve spatial variations, and particularly hydrological models are sensitive to the spatial variation of rainfall events (Lopes, 1996; Chaplot, 2005 Records of rainfall and associated runoff data over long periods of time (e.g. ten years, fifty years, one hundred years etc.) are also difficult to obtain in the lower reaches of the Niger-Delta basin where methodology for obtaining these records have only been recently put in place by agencies such as the Nigeria Meteorological Agency, Federal Inland Water Ways Authority, and similar governmental bodies.
Though these information are required for a wide variety of application, many streams and non-tidal waters in the Niger Delta are ungauged and do not have flow records. One way of solving the problem of non-availability of flow records is by resorting to the use of rainfall-runoff models.
Study Area
The urban city of Port Harcourt is the capital of Rivers State located within the lower reaches of the Niger Delta basin. The city is situated about 66km from the Atlantic Ocean on the Bonny River and approximately located on Longitude 07° 10ʹ4ʹʹE and latitude 04° 47ʹ0ʹʹN. The study area (catchment area) is situated in the transitional belt with generally flat topography and strong tidal influence that affects the drainage efficiency of the area. The various geomorphological zones for the Port Harcourt and proximal areas are shown on Table 1 
Methodology
We shall in this work present rainfall data obtained for a proximal location to Port Harcourt. We shall also attempt to carry out a time series analysis of this data. Associated runoff from these events will be simulated to investigate runoff related events for the catchment under study.
The maximum monthly rainfall data is presented in table 2. The data covers the period from 1995 to 2009. 
Observations on Data Set
It can be deduced from table 2.1 and figure 3.2 that the quantity of rainfall for 1997 was the highest (478mm) in the month of September and the minimum rainfall was in January, February and December of the period under review. The mean highest rainfall for the period is (350mm) and this was experienced in the month of July. From figure 3.3 the quantity of rainfall for 2003 was the highest (525mm) in the month of October and the minimum rainfall was in January, February and December of the period under review. The mean highest rainfall for the period is (360mm) and this was experienced in the month of July.
Also, from figure 3.4 the quantity of rainfall for 2006 was the highest (560mm) in the month of August and the minimum rainfall was in January, and December of the period under review. The mean highest rainfall for the period is (360mm) and this was experienced in the month of July.
Generally, from figure3.5, the quantity of rainfall in the month of July was the highest throughout the period under review. The lowest rainfall period remains in January and December.
Hydrologic Time Series Data
Hydrological data observed over discrete or continuous time intervals may be analysed using the methodologies applicable to time series data. Section 3.1 and associated plots of section 3.0 has presented the discrete time series data in graphical format. From such presentation, it may be feasible to discern pictorially the discrete data set as a continuous series of hydrological data observation. Thus, issues such as maximum rainfall months, yearly rainfall data and associated mean monthly data are easily discernible. A more rigorous treatment of the data set obtained will require a However, conversion models are available for translating the rainfall events to the runoff event in hydrological modelling. In other words, given some rainfall data series Y(t) for a given catchment with defined physical hydrological characteristics e.g. catchment boundaries, catchment area, evapotranspiration characteristics, infiltration characteristics etc., it is possible to model the runoff (Q(t)).
Historical hydrological variables e.g. rainfall-runoff characteristics over extended periods of time can provide an insight into the pattern of occurrence of extreme events. The long sequence of data with similar hydrological characteristics (e.g. flood events) can also provide the frequency or return period for the infrequent notable events. Historic time series data simply provide a number of such events in the longer combined data.
This technique has been applied around the Lake Chad Basin (Maiduguri Catchment) where rainfall data was assembled over an extended period of over 60 years (Shaw, 1989) . A return period of 30 years was discovered for the time series data.
However, it has been difficult to obtain similar data for river flow (run-off). When such data become available, stochastic models such as the AUTO-Regressive Moving Average (ARMA) (Chatfield, 1980) can be applied to gain an insight into river modelling with a view to ascertaining return periods for flood events.
Estimation of Runoff
One method for the physical estimation of runoff values consists of the production of rating curves for runoff derived from water level observations at some stable section along the drainage channel. 
Where L is the interval between soundings (assumed to be equally spaced).
Determination of Velocities
The observation of water velocity values could be obtained directly by the use of current meters in open channels. There are various designs of this equipment that operate basically by a rotating cup or propeller mechanism emplaced normal to the direction of flow. Read-out mechanisms on these equipment provide directly velocity values along the channel in the direction of flow. (Chadwick et al., 2004) .
With the values of A and V determined as in equations 2 and 3, the discharge through the channel is computed.
Stage-Discharge Relationship
For practical determination of Q values, it is more convenient to establish graduated staff (more or less a levelling staff) placed vertically at stable sections of a channel where A and V values have been predetermined and then relate the readings h of the graduated staff to the Q values.
Thus, various Q values are related with the readings h of the graduated staff. The most commonly employed technique for this methodology is to design a ratingcurve. The rating curve is a graph of Q values plotted against h. Since the h values are more convenient to measure, Q values are determined directly from the relationships of the rating curve.
Hydraulic Techniques for Determination of Discharge
The hydraulic technique makes use of the Saint Venant equations for fluid flow in open channels. Where no "back-water" effects exist, the equation can be simplified to approximate kinematic waves where (see also equations 13.0 and 14.0 of section 3.6b). C is the chazy's constant of equation 5 while n represents the Manning's formula. R is the hydraulic radius obtained through
.… (7.0) P is the wetted perimeter which can be determined by measuring the distance d 1 to d 2 along the river cross-sectional reach of the river bed, equations such as equation 5.0 and 6.0 can then be applied. It is also possible to model the Q (t) at given sections through the hydrological catchment up to the point of eventual outflow.
Thus, with the bed slope S o determined along consecutive stable cross sections of the flow regime, the velocity and hence the discharge Q can be determined directly by assigning appropriate values to C in the Chezy's equation or n for the Manning's formula.
Modelling Q (t)
The process of modelling a flood event (usually downstream) from one point to another comes under the general principles of flood routing. It is convenient to visualize three (3) main routes of travel for rainfall from the time it reaches the ground until it enters a stream channel. The possible routes are overland flow, interflow and groundwater flow. The overland is the main component of runoff cycle and it is a dominant mechanism for flood prediction and soil erosion (Zhang, 1990) .
Consider the curves of figures 3.7 and 3.8 where A represent the hydrograph observed or derived for section A of figure 3.7and O represent the hydrograph characteristics for a river downstream at section B. In other words the hydrograph characteristics in terms of volume Q (t) values will not be the same along the sections 1 and 2 of figure 3.7. The storage S within the reach over the time interval dt affects the outflow at section B. The characteristics of the storage element (S) and as it relates to near-shore topographical characteristics may in some instances result to flooding catchment. There are two commonly applied models for routing the Q (t) along the river reach.
a. The Muskingum Model
The governing equations for this model can be expressed as: Given that there are no "back water" effects, equation 10 becomes (Townson, 1991) 386 S f ≈ S 0 .… (14.0) Equations 5.0 and 6.0 of section 3.5 are derived from this principle.
Conclusion
A general mathematical modelling system for real-time flood forecasting and flood control planning is described. The system comprises a lumped conceptual rainfall-runoff model, a hydrodynamic model for river routing, and Muskingum method are reviewed as veritable models for efficient flood forecasting. 
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